CB staining and mCherry expression of the same section (middle panels).
Boxed double-labeled neurons are shown on the right as merged image and the single channels for CB and mCherry. Scale bar, 100 µm. Abbreviations: FS, fast-spiking interneuron; non-FS, non fast-spiking interneuron; n.d., not detected.
Supplemental Experimental Procedures Animals
We used wild-type C57Bl/6, GAD67 EGFP (Tamamaki et al., 2003) (Melzer et al., 2012) and 5HT 3A EGFP (Inta et al., 2008) mice.
All procedures involving wild-type, and genetical modified mice had ethical approval from the Regierungspräsidium Karlsruhe, Germany (AZ 35-9185.81/ G-173-12) and (G-254-14).
Uchl1 Cre mice
The mouse strain used for this research project, STOCK Tg(Uchl1-cre)NO63Gsat/Mmucd, identification number 036089-UCD, was obtained from the Mutant Mouse Regional Resource Center, a NCRR-NIH funded strain repository, and was donated to the MMRRC by the NINDS funded GENSAT BAC transgenic project.
Retrograde tracer injection
Eight weeks old male wild-type and GAD67 EGFP mice were injected with 100 We did not analyze mice in which the injection site did not correspond to the aimed area.
Virus Injections
pAAV-double floxed-hChR2(H134R)-mCherry-WPRE-pA (AAV DIO ChR2-mCherry) vector was obtained from Karl Deisseroth (Cardin et al., 2010) . This vector carries an inverted version of Channelrhodopsin 2 fused to the fluorescent marker mCherry. In the presence of Cre recombinase, the cassette is inverted into the sense direction and the fused proteins are expressed from the EF1 promoter. AAV chimeric vectors (virions containing a 1:1 ratio of AAV1 and AAV2 capsid proteins with AAV2 ITRs) were generated as described (Klugmann et al., 2005 Chicago, IL, USA).
Image analysis
Anatomically matched sections were selected, spanning the lateral-medial extent of the MEC or the rostro-caudal extent of the MS. Confocal images were taken using a Zeiss LSM 700 microscope (Zeiss, Jena, Germany). Every third of 40 µm thick sagittal (MEC) or coronal (MS) sections were processed (each 120 µm apart) for each antibody to ensure complete analysis of each cell type across the analyzed brain area.
For quantification of retrogradely labeled neurons, three fields from the medial entorhinal cortex or medial septum (spanning the dorsal-lateral extent of the section) for each brain section were taken with a 20× objective from a confocal microscope (Zeiss LSM 700). We analyzed seven sections from each animal. Data are presented as mean ± SEM.
Electrophysiology Slice preparation
Electrophysiological recordings were performed from 6 to 12 weeks old mice.
We recorded from acute sagittal slices (300 µm) containing dorsal MEC. The entorhinal and septal injection sites were controlled in horizontal and coronal sections, respectively. Mice were deeply anaesthetized with inhaled isoflurane, followed by transcardially perfusion with ~30 ml ice-cold sucrose solution containing (in mM) 212 sucrose, 26 NaHCO3, 1.25 NaH2PO4, 3 KCl, 7
MgCl 2 , 10 glucose and 0.2 CaCl2, oxygenated with carbogen gas (95% O2/ 5% CO2, pH 7.4). Sections were cut in ice-cold oxygenated sucrose solution, followed by incubation in oxygenated extracellular solution containing (in mM)
12.5 NaCl, 2. For paired recordings, layer II cells (from 83 mice) were visually identified and pairs of neurons whose somata were located at a distance of less than 40 µm were patched with low Cl -potassium-based intracellular solution.
Cells were initially kept in cell-attached mode. After achieving a "Giga seal", whole-cell configuration was established and firing patterns were analyzed in current-clamp mode at resting membrane potential by applying 1 s current pulses, starting from -200 pA in 20 pA steps until maximal firing frequency was reached. Individual traces upon -200 pA current injection, at action potential threshold (for intermediate excitatory cell types) and upon 100 to 600 pA current injection (depending on cell type) were selected for illustration of firing pattern.
Classification of excitatory and inhibitory cells was done based on different electrophysiological parameters reported by others previously (Alonso and Klink, 1993; Couey et al., 2013; Lee et al., 2010) . Electrophysiological parameters for excitatory cells are summarized in Table S1 .
Interneurons were classified according to their typical firing pattern, with PV + FS interneurons exhibiting non-adapting firing of action potentials at > 80
Hz, in response to a 600 pA current step, while SOM + interneurons displayed a prominent hyperpolarizing sag, low-threshold firing (already at 60 pA current injection) and spike adaptation. The group of 5-HT 3A EGFP+ interneurons is diverse, consisting of at least 4 distinct interneuron subpopulations in MEC LII. The distinct interneuron subpopulations were identified according to their firing pattern and categorized as previously described by Lee et al. (Lee et al., 2010 ).
Putative connections were tested with 40 Hz trains (10 pulses) by injection of positive current (800 pA; 1-4 ms; in 10 s intervals) to elicit presynaptic action potentials, while postsynaptic cells were voltage-clamped either at -70 mV to detect uEPSCs or at -50 mV to obtain uIPSCs.
For analysis of possible connections and detection of even small response amplitudes an average of 25 sweeps was used and only stimulus-induced
PSCs with a latency of less than 2.4 ms were considered as direct connections. A signal was considered positive only if the signal-to-noise ratio was higher than two. The excitatory connectivity was always verified by using the GABA A receptor antagonist Gabazine (10 µM; SR 95531 hydrobromide)
followed by the AMPA receptor inhibitor CNQX (10 µM), whereas only CNQX had an effect on uEPSCs. Inhibitory connectivity was verified by bath application of Gabazine, while a previous administration of CNQX (10 µM) did not affected uIPSCs. 
